This paper evaluates the impact of service sector trade liberalization on the world economy by a tenregion, eleven-sector CGE model with import embodied technology transfer from developed countries to developing countries. Simulation results show that service sector trade liberalization not only directly affects world service production and trade, but also have significant implications for other sectors in the economy. The major channel of the impact is through inter-industry input-output relations and TFP growth induced from service imported by developing countries from developed countries, which may embodied with new information and advanced technology.
Introduction
Trade in services became a major issue in the Uruguay Round of GATT negotiations, and is a continuing source of trade disputes since the round was completed. It will undoubtedly be a major issue in the next round of negotiations under World Trade Organization (WTO). "Services" cover a lot of different sectors, with very different trade issues. Large sectors such as banking, insurance, and financial services have become increasingly important as world trade has expanded, and opening external markets has become an issue for "producers" of these services in developed countries.
Services in wholesale and retail trade and transportation are also very large sectors in most countries, with international trade largely linked to trade in commodities. Reduction in international "transactions costs" --which include marketing, communications, trade, and transportation has been one of the engines driving the rapid expansion of world trade in the post-war period.
There are many conceptual and empirical problems in measuring output, prices, and trade volumes in the services sectors. Luanga and Yu (1999) describe the many difficulties of assembling a consistent data base of trade in services across the countries in the Global Trade Analysis Project (GTAP) data base. Looking at issues of "transactions costs" is even more difficult, since many of those costs would not appear as part of services (and services trade), but would instead be included as costs of production within firms producing commodities. This paper is an exercise in empirical exploration. We start with the GTAP data base (version 4), which includes some detail in services, and build a multi-country, multi-sector, computable general equilibrium (CGE) trade model that focuses on the services sectors. We then use this model to explore the impact of changes in trade in services, including changes in technology and in protection.
We also explore the potential empirical importance of technological externalities that are transmitted through trade in services, intermediate inputs, and capital goods.
Our goal is to find large numbers. What are the potential gains from liberalizing trade in services compared to trade in commodities? What would be the impact of further technological changes in transportation and reductions in international transaction costs? What are the potential gains from increased trade in an environment where there are externalities emanating from trade between developed and less developed countries? How important are forward and backward linkages between the services and non-services sectors in trading countries? While the current state of both trade theory and empirical work cannot yield definitive answers to questions such as these, we think we can make progress with an empirical model that is flexible enough to incorporate many of the important links and effects.
Structure of the Model and Major Assumption
The model used in this paper is a member of a family of multi-country models that have been used widely to analyze the impact of trade liberalization. Starting with Whalley (1985) and Deardorff and Stern (1990) , who analyzed the impact of the Tokyo Round of GATT negotiations, a number of such models have been developed to explore the impact of the Uruguay Round and various regional trade agreements such as NAFTA, ASEAN, APEC, Mercosur. 1 Our particular model was an extension of de Melo and Tarr's (1992) single country trade model to a multi-country framework by Wang (1994 Wang ( , 1997 and is described in detail in Noland, Liu, Robinson and Wang (1998) . It is a close cousin of models developed by Lewis, Robinson, and Wang (1995) and Lewis and Robinson (1996) .
The model focuses on real trade flows, world prices, and real exchange rates. It incorporates macroeconomic specifications from Devarajan, Lewis and Robinson (1990) , as well as an international shipping sector similar to the GTAP model (Hertel, 1997 Modeling System (GAMS), which is described in Brooke et al. (1988) , and is specified and solved in levels.
The model includes ten regions and eleven production sectors in each region. The ten regions are: (1) the United Sates, (2) European Union (15 members), (3) Japan, (4) Other OECD countries, (5) Asian newly industrialized countries (Korea, Taiwan, Hong Kong and Singapore), (6) China, (7) ASEAN4
(Malaysia, Thailand, Philippines, Indonesia), (8) South Asia (Indian, Bangladesh, Nepal, Pakistan, and Sri Lanka), (9) Latin America, and (10) Rest of the world. Six of the eleven production sectors are services: (1) utilities, (2) construction, (3) trade and transport, (4) private service, (5) public service, and (6) housing. The other five sector are: (7) agriculture, (8) processed food, (9) natural resource based products, (10) non-durable consumer goods, and (11) intermediate and durable
manufactures. Each region is assumed to have basically the same structure. Five primary factors of production are modeled: agriculture land, natural resources, capital, unskilled-labor, and skilledlabor. The division between skilled and unskilled labor is a distinction between professional workers and production workers. 2 Agricultural land and natural resource are sector-specific, while capital and labor are assumed to be mobile across sectors, but immobile between regions.
Production and Demand structures
In each region, there is one representative competitive firm for each sector, which produces one Sectoral output is assumed to be a composite commodity that can be transformed according to a 2 Professionals include International Labor Office (ILO) occupation groups 0-2, (professional, technical and related workers; and administrative and managerial workers). Production laborers are the aggregation of ILO occupation groups 3-5 (clerical and related workers; sales workers; and service workers) and 7-9, (production and related workers; transport equipment operators and laborers) plus agricultural labor.
constant elasticity of transformation (CET) function between a good sold on the domestic market and a good sold on the world market (an export).
Agents in each region view products from different regions as imperfect substitutes (the Armington assumption). The private household in each region maximizes a Stone-Geary utility function over the eleven composite goods and savings, which leads to the Extended Liner Expenditure System (ELES) of household demand. Household savings are treated as a demand for future consumption goods with zero subsistence quantity (Howe, 1975 ). An economywide consumer price index is specified as the price of savings and represents the opportunity cost of giving up current consumption in exchange for future consumption (Wang and Kinsey, 1994 There is an international shipping industry in the model to transport products from one region to another. Each region is assumed to allocate a fraction of the output of its trade and transport sector to satisfy the demand for shipping that is generated by interregional trade. The global shipping industry is assumed to have a unitary elasticity of substitution among supplier sources. The margins associated with this activity are commodity/route specific. In equilibrium, the total value of international transportation services at the world price equals the sum of the export proportions of the service sector's output from each region.
Equilibrium, Exchange Rate, and Macro Closure
Within each region, the model solves for domestic commodity and factor prices that equate supply and demand in all goods and factor markets. The model also solves for world prices equating supply and demand for sectoral exports and imports across the world economy. In addition, for each region, the model specifies an equilibrium relationship between the balance of trade and the real exchange rate (which measures the average price of traded goods • exports and imports • relative to the average price of domestically produced goods sold on the domestic market). However, as with other CGE models, the model only determines relative prices. The United States is specified as the "reference" economy, with both its aggregate price level and exchange rate fixed exogenously. All relative world prices and trade balances are measured in terms of real U.S. dollars. Because traded and non-traded goods are assumed to be imperfect substitutes by sectors, changes in relative world market prices are only partially transmitted to domestic markets. The model thus incorporates a realistic degree of insulation of domestic commodity markets from world markets, but the links are still important and provide the major mechanism by which external shocks are transmitted across regions.
The exchange rate variable in the model is not a financial exchange rate. Under appropriate numeraire selection, however, it is equivalent to the "real exchange rate" defined as the ratio of a price index of all traded goods (imports and exports) to a price index of all nontraded goods (domestically produced goods sold at the domestic market). When the price index of home goods is selected as the numeraire, the percentage change in the real exchange rate is equal to the percentage change of the exchange rate variable in the model. In a multi-region model where all world market prices are endogenous, the equilibrium real exchange rate is affected by changes in the international terms of trade facing a region. Devarajan, Lewis, and Robinson (1993) and Wang (1994) discuss this issue. For each region, the model solves for the equilibrium real exchange rate given our assumption of a fixed trade balance and any changes in world prices.
For each region, the model includes three macro balances: savings-investment, balance of trade, and government expenditure-receipts (government deficit). The three balances are not independent and the determination of these macro balances is the subject of traditional macroeconomic models. In terms of our real trade model, which does not include financial markets or variables typical of macro models, the determination of these macro aggregates is specified by simple rules. The macro adjustment mechanism constitutes the macro "closure" of the model.
The specification of a macro closure is to select rules by which macro balances are brought back to equilibrium when exogenous shocks disrupt the benchmark equilibrium during an experiment. A macro scenario is imposed on the CGE model, which then traces out the sectoral implications of the assumed macro behavior (Devarajan, Lewis, and Robinson, 1990) . The macro closure is not based on a specification of optimizing behavior by rational agents in the model, but reflects a simplified description of the results of a macro adjustment process which is not specified in detail.
Since the major purpose of this study is to evaluate the impact of service sector trade liberalization on the rest of the economy, we specify a simple macro closure designed to focus on welfare changes arising through changes in aggregate consumption. The balance of trade, government real expenditure, and aggregate real investment in each region are all fixed. If government revenue changes (e.g., because of a reduction in tariffs), which will change government savings, the macroeconomic adjustment will be a compensating change in private savings to finance the fixed aggregate real investment. In the model, any changes in real GDP or real absorption arising from changes in the international terms of trade will go to changes in aggregate real consumption. Given this macro specification, welfare comparisons, which involve calculations of equivalent variation across simulations, are straightforward. A detailed description of the model is given in the Appendix.
Dynamic Considerations
The model captures two types of gains from trade liberalization: (1) there are gains from more efficient utilization of resources, which lead to a one-time permanent increase in GDP and social welfare. (2) There are gains from increases in total factor productivity (TFP) due to technology of 0.1 implies that a 10 percent increase in real imports of capital and technology intensive goods would result a no more than 1 percent increase in total factor productivity in that sector depending on the share of imported intermediate inputs in the sector's total imports.
As pointed by Hanel (2000) and Lewis, Robinson, and Wang (1995) , while there is fairly widespread agreement that linkage between imports of intermediate inputs and TFP do exist, there is less evidence of the size of the feedback.3 In our simulation exercises, the elasticities used for developed countries are smaller than the values used for developing countries. We also assume the technology transfer flow only in one direction -from more developed regions to less developed regions.
Structural Information in the Base Year Data
The CGE model was calibrated around a ten-region, eleven-sector, world Social Accounting Matrix The detailed structural information and the linkage between those service sectors and the rest of the economy are contained in the world SAM and provide the essential data for our model. This section describes the structure of value-added, production costs, inter-industry links between services and other sectors of each region as well as trade dependence among regions. The SAM-based economic data provides an overview of the important role that the service sectors play in the regional economies, and the inter-sector and inter-regional links.
(Insert Table 1 here) Table 1 reports GDP, total exports, imports, and the relative size of each of the ten regional economies included in the model. Tables 2 and 3 As indispensable intermediate inputs in all production activities, the cost of various services constitutes a significant portion of total production costs in all sectors across countries (Table 3) China to be strongly linked with the world economy, especially its manufacturing sectors. In 1995, China exported more than one third (36 percent) of its labor-intensive output and imported nearly 20 percent of its intermediate and durable goods demand from abroad. The United States, EU, and Japan, as the largest economies in the world, are relatively more self-sufficient. However, at the sectoral level, about 15 percent of their manufacturing intermediates and durable products are exported to the world market. Generally speaking, trade dependence in the services sector is much lower than in other production sectors for most economies, with a few exception for Asia NICs and ASEAN. However, service trade is still significant in absolute amounts, because the service sector is so large, especially in the advanced countries.
(Insert table 4 and 5 here) Table 6 presents the share of imports used as intermediate inputs by sector. These shares are very high for most sectors and countries, especially for durables and most service sectors. In the model, we assume that imports from advanced countries embody advanced technologies and their use in production will increase productivity for all factors in the importing country. This trade-productivity linkage is easily seen for intermediate and durable products such as chemicals and machinery, but the link is also probably valid for private services such as financial and accounting services. The presence of a banking or retailing facilities from advanced countries will very likely improve the efficiency of the financial and trade sector in the host country, and hence increase total factor productivity, especially in sectors with heavy demand for such services as intermediate inputs. (Insert table 6 These import protection rates show that there is substantial variation across commodity groups and across regions. Food and agricultural sectors are highly protected, especially in Japan and Asia NICs.
The high protection rates reflect high tariffs and many non-tariff barriers, such as import licensing and quotas, in those countries. The average protection rates in other merchandise sectors are generally lower, especially for natural resource based products in the industrial countries. The rates of import protection are generally higher in China and South Asia than in other regions, especially for the manufacturing sectors.
The tariff equivalents of protection in services trade is adopted from data developed for the Australian IC95 model (Dee, 1998), which were taken in turn from Brown et al. (1995) and work by Hoekman.
5 These protection rates are essentially "guesstimates" according to Brown and Dee. They are, however, the only estimates available to us when this analysis was conducted, and provide an initial basis for analyzing the impact of service trade liberalization.
The GTAP database provides detailed information on the structure of the regional economies, on the links between the service sectors and the rest of the economy, and on trade links among the major regions in the world. The multi-country CGE model is based on this data and provides a consistent framework for tracing the impact of trade liberalization and changes in the service sectors across the world economy.
Simulation Design
We seek to analyze the consequences of service sector trade liberalization and technology changes in 5 Hoekman (1995) used the presence or absence of offers made during the GATS agreement as revealed preference indicator of the protection level for each type of barriers to service trade, then tariff equivalents was assigned to each protection measure so that a weighted average protection level for each service sector could be generated (200 percent for measure judged to be prohibitive).
international transport costs, and compare them with non-service trade liberalization. We did one scenario in which transport costs are lowered and four trade-liberalization scenarios (five scenarios in all), under three different assumptions about technology links from advanced to less developed countries. The fifteen experiments are described in Table 8 .
( Insert table 8 
Major Simulation Results and Analysis
Tables 9 to 11 summarize the major aggregate economy-wide effects (in percent changes from the base) for the 15 simulations: changes in social welfare measured as Hicksian equivalent variation (EV), total exports, and total factor productivity (TFP). Three empirical results stand out.
First, the efficiency gain from trade liberalization in the manufacturing sectors is not large for most countries and the world as a whole. A 100 percent elimination of protection in all manufacturing sectors generates less gain in real GDP than a 50% percent cut in the protection level in one service sector for most economies in the model. Asia is the notable exception. When terms-of-trade effects are taken into account, only Japan and Asia NICs still gain more from the non-service sector trade liberalization experiments (compare the results of E01 with E04 in table 9). The welfare gain for the world as a whole from a 50% percent cut of protection in the service sectors is 5 times larger than that from non-service sector trade liberalization, although the trade impacts are larger in the case of non-service sector trade liberalization for Japan, Asia NICs, and other developing countries. The reason for this result is that protection levels in manufacturing sectors are low in the industrial countries after the completion of the Uruguay Round (Table 7) and services constitute the largest share of economic activity for most countries in the model.
Second, the gain in TFP from import-embodied technology transfer has a stronger impact on social welfare than an expansion in trade. When trade-TFP links are assumed, the increases in trade (both exports and imports) are relatively small, while the increases in GDP and social welfare are relatively large (compare the difference between E04, EM4 , and ES4 in tables 9 with those in tables 10). This result is because the growth in TFP also enhances the efficiency of the non-traded sector, which is much larger than the traded sectors for most countries in the world.
Finally, the productivity gain from import-embodied technology spillover is much stronger when it works through service sector imports for developed countries, while for developing countries the effect is larger when it works through imports of intermediate and durable goods (Table 11 ). In the developed countries, imports of services used as intermediate inputs are more important than in developing countries (Table 3) .
(Insert table 9,10 and 11 here) Table 12 presents the impact of a 50 percent reduction in international shipping margins on each region's structure of production and exports. Cutting the transportation margin reduces the cost of delivering products to consumers and boosts merchandise exports in all sectors for almost every region as a results of more resources flow from non-traded sectors towards the traded sectors. It also reduces the demand for international shipping, inducing a reduction in each region's gross output from the trade and transport sector, which in turn releases factors of production to be used in other economic activities (according to each region's comparative advantage). Agricultural production expands in the United States, but shrinks in Japan, EU, and Asia NICs. Production of labor-intensive consumer goods increases in China, ASEAN, and South Asia, but decreases in Japan, EU, and the United States. At the same time, capital-intensive durable goods production increases in all OECD countries and Asia NICs, but declines in China, South Asia, and Latin America. Imposing tradeproductivity links increases production in all sectors, but manufacturing products benefit relatively more than other products.
( Insert table 12 
Conclusions and Direction for further Work
Service sector trade liberalization not only directly affects world service production and trade, but also has significant implications for other sectors in the economy. The major channel of the impact is through international transportation margins and forward-linkages through inter-industry inputoutput relations. The data indicate that, while trade is a relatively small share of output in the service sectors in most regions, the sectors are very large and the protection levels are very high. The recent focus on trade in services in world trade negotiations certainly seems appropriate •••there are large numbers involved and potentially significant improvements in welfare from trade liberalization.
There are also potential tradeoffs between gains from liberalizing trade in services and manufacturing that should provide a basis for negotiations between developing and developed countries. Developed countries gain relatively more from increasing exports of services to developing countries, while developing countries potentially gain more from increased access to developed country markets for their exports of manufactures.
When the international shipping margin is reduced, less production resources will be used to deliver products to consumers through international trade. Resources are released from services for use in other economic activities. When trade barriers in the service sectors are reduced, service production and exports expand, thus increasing the demand for other products used as intermediate inputs 
